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(54) Pneumatic radial tyre 

(57) A pneumatic radial tyre comprises a breaker- 
belt (7) disposed radiailly outside a carcass (6), and a 
band-belt (9) disposed radially outside the breaker-belt 
(7) and having organic fibre cords laid substantially par- 
allel with the tyre equator. In the meridian section of the 
tyre mounted on a standard rim and inflated to 0.5% of 
standard inner pressure, the tread (28) has a triple ra- 
dius profile and the band-belt (9) has a variable ply 



number. (N1.N2.N3) accommodated to the triple radii 
R1,F12,R3) of the tread. The tread profile is composed 
of a central part (Y1) of a radius Bl;^ pair of middle 
parts (Y2) of a radius R2, and a pair of shoulder parts 
(Y3> of a radius R3; For example, the ply number N1 in 
the central part is 0, the ply number N2 in the middle 
parts is 1 , and the ply number N3 in the shoulder parts 
is 2. 
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The present invention relates to a pneumatic radial tyre and more particularly an innproved tread portion capable' 
- of improving high speed durability, high sp0^=har)d!ing; ?rjde^borhf^^^ tyre>ve^ht^suid;th^J^ : / ^ 

5 In general, pneumatic tyres used under high speed conditions such as radial tyres. for sports cars, passenger cars \ 

and the like are provided in, the tl^ead portion, belts. The belts include a breaker wound .on th^.^ V 
.. ..:Tadially.^outerside of.axarcass.ahd 

cord angle,wrth:respect tp4he\tyre .pq^^ ^ 
:-large/cord,angle.-^Af*^ pNWo full-wid 

.;6r two edgeibands.'CI:. The edge b^nds CI are disposed'iohly: in the^a^ purpose of^preventihg . ' 

:bell edge separation c^ by cent rifugahforce during higl^^ 
jhe radially=outerrnost^:te^ 
^ Such abe|t^tructure:gre^^ 
. halif (a) from the contact with the grouncj duri^ 
'5 . area changes its sh'ap^. frcnii a bfoadei>:re^ to; a undesirable narrow!tr^ j^ftapertbl-jCi^^^ ■ . ' 

: . -widOTlread lyres whose, asp^^ 

• ThcrploreVroad grip duffpg cprnfering dec^s^S;; £^ qorheringcharact^ristics ar^ 

11 IS difficujUotniprove W 

- \- ■ iq;imor6veTide--cpmfort'and^^^ >;-^'t'^^'S^l^^rA v'i^ •^ri'^^^-'S^'i^'^ji^'-^^M^^^^ 

: iiiBiif ^ii^tki to dbcrease tbe tyre;wei^t^wij|i6^ 
- . ' rne t irnb^. hiqh . sp eed cJ u iab iNty^h jgh ; spe^ pe rf 9rmaricV/andFci>rn peff bhriance^^^ : 

■ rtnd;ihc:i!Kcvifc; .improved - :T ~ '''' -i'-^'^^^iV^'-^l^r-^ ^t^^ 

According to poe aspect of this present invention, a pneumatic radial tyre icbrnp a tread portion- with a'tread^ 
Vf- . . t p- tn p- dt;i^wrH!: ppnipns;Va:pair6f^^ tietvfeeii' the- jiidrtid^pa "breaker^iielt : ' 

d« >pot od f>*diH I V out s ide the carcass in th e tread ^ port ion; and a band^be It disposed Tj^dially^ou ■ 

;i*rt,or rtOis'^ir>ounted: :on-arstand£^ ; j.V 

pfriti\p jifSd;thn^band-aDeh tias'a Va^ 

cdgt* seip?ir^tk>nr^^ thi^t^bpp^Mec^^ p^rt, 'whicht^ 

c>p.insionx^i tfie teritrai p 

- ooficfatbnmihevshduldepjiart is ispeed dijrabiljty. 

Fyrihor 'ihe^expahsion^pf the central.part al^ 
3S lb rt mo'c preferable barrel shape, which increases the ground contacting^area during co^^ 

Embocimonts of the present in ventkDn will now be described in d^^^ conjunction with the accompanying di-aw- ; 

40 F iq 1 IS a c ross sectional view of a tyre according to the present inventbh;-: ' . : 

F igs 2. 3 and 4 are cross sectional views each showing an e^^ 
Fig 5 is a cross sectional view of a conventional tyre showing deformation of th 
Fig 5 IS a diagram showing the shape of the ground contacting area ther^ot^^^ 
I- ig 7 snows belt structures (A) to (C) which are used in conventional tyres. , 

I'l Fig 1 the pneumatic radial tyre 1 according to the invention corinprises atread portion 2 defining a tread 2S, a 
pair ot rtxiHiiy spaced bead portions 4 each with a bead core 5 therein, a pair of sidewall portions 3 extending between 
II lu iiOi^U udgob and the bead portions 4, a carcass 6 externding between the bead portions 4, and belts 7 and 9 disposed 
I rtUtrt My outside tlie carcass 6 in the tread portion 2/ • ^ ^ - . V , > V : . ' . " ■ ! 

so The tyre in this embodiment is a low aspect ratio passenger car- ra^^ of 50 %. 

fig 1 shows a meridian sectbn of the tyre 1 under:0.5% pressure state in which the tyre is mounted on a standard 
fim R nnd inflated to 0.5% of standard inner pressure but loaded with no tyre 1oad^^ 

the standard rim is the standard rinn specified in J ATM A, the "Measuring Rim" in ETRTO, the "Design Rim" in TRA 
or the like The standard pressure is the maximum air pressure in JATMA, the "Inflation Pressure" in ETRTO, the 
S5 mnximum pressure given in the 'Tyre Load Lirriits at Various Cold Inflation Pressures" table in TRA or the like. 

Unaor the 0.5% pressure state, the tread profile will coincide with that of the tyre vulcanising mould. In other words, 
lhr> tyre 1 rs formed by vulcanising a raw tyre in a mould which Is provided with an inner face having a profile corre- 
sponding to the following tread profile, namely the negative profile of the tread profile. 
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Under the 0 5% pressure state, the tread 2S has a profile composed of a central part Y1. a pair of middle parts 
Y2. and a pair of shoulcier parts Y3; The central part Y1 is a first curve A1 of radius Ri bf which the centre is positioned 
in the tyre equatorial plane CO. The middle part Y2 is a second curve A2 having a radius R2 less than the radius R1 
and Is connected to the first curve Al at a first point PI . The shouldei* part Y3 is a third curve A3 having a radius R3 
less than the radius R2 and is connected to the second curve A2 at the second point P2- Thus the tread portion 2 has 
a triple radius tread 2S. (Ri > R2 > R3) :.r. 

Preterably; th^radius RI is about 4.5 to 6.0 times the tread width TW between the tread edges E. The radius R2 
is about 0 6 toO.S^iimes the radius R1. The axial distance Lt between therfirst point Pi and ^the tread equator is about 
0.34 to 0.24 times^he tread width TW The axial distance L2 between the first point Pl and the second point P2 is less 
than the distance LI and about 0.43 to 0,33 times the tread width TW. The axial distance L3 between the second point 
P2 and the tread edge E is more than the distance L1 and less than the distance L2 and about 0:38 to 0:28 times the 
tread width TW'- ■ .-\ -^r'. ^ ' ^^"^ /:-r^-"- 

The carcass 6 comprises at least one plyot col-ds arranged at an angle of from 75 to 90 degrees with respect to; 
the tyre equator C, extending between the bead portions 4 through the tread portion 2 and sidewal I -portions 3. and- 
turned up around the bead cores 5 from the inside to the outside of the tyre so as to form a pair of turnup portions 6b 
and a main portion 6a therebetween. For the carcass cords, organic fibre cords, e.g: polyester, rayon, nylon or the like 
are used. \ " ' . ■ . ■ ■ ' - 

In this embodiment, the carcass 6 , js composed of a single ply. Between- the mairi portion :6a and - each turnup 
portion 6b, a bead apex 8 made of hard rubber tapering and extending radial jy outwardly from the be^d core 5 is 
disposed. The radially outer end of the carcass ply turnup portion 6b' is located radially outwards of the radially outer ; 
Olid bf thb bead apex and the so called high-turnup structured : ■ ; ^ ^ . V; . i. 

The breaker-belt 7 comprises at least two plies of parallel cords laid at an angle of from 15 to 30 degrees with; 
respect to -the tyre equator C, ^^-^^^ • ; . ^v^^ ^/ ; ' \ r 

For the breaker-belt cords, non extensible or tension resistarit high modulus cords, e.g. aromatic polyamide fibre ' 
cordo siccl cords and the like can be used. Especially, steel cords are preferably used. 

In the case of-wpassenger tyres, it is preferable that the breaker-belt is composed of two crossed plies in view of 
trie rigidity and weights Thus in this example; the breaker-belt 7 is corhposed of a radiailly inner plyTA aind'a radially 
outer ply 7B, the cords in each ply are parallel with each other but crosswise to the next ply. - - r.^ : - 

In order to reduce stress concentration at the edges, the iriner breaker-belt ply 7A is formed to be wider than the 
outoi broHker-belt ply 7B The axial width WB of the inner ply 7A is set in the range of from 0.85 to 1:1 tirnes the tread 
width TW to reinforce the substantially entire width of the 1 read, portion 2. 

Ihc above-mentioned band-belt 9 is made of cords laid at ah angle of substantially zero degree with respect to 
the tyre equator C. The band^elt 9 comprises a plurality of plies 10, the ply-riumber of which Is changed according to 
the Hoove-mentiohed inple radii R1-R3. The ply-number NT ih the tread central part Y1 , the ply-number N2 in the tread 
midd c parts Y2 and the ply-number N3 in the tread shoulder parts Y3 are different from each other. Preferably, N1> 

In the case Of a passenger car tyre, it is preferable that N1=0, N2=1 and N3=2, but it is also possible that N1=1 , 
N2.2andN3-3. . / ^ 

I: IS possible to form the band ply by winding a strip of tyre fabric and splicing the circumferential ends thereof. 

Hovycver. it is preferable that the band is formed by spirally winding one or more cords around the radially outer 
surf ace of the breaker belt at an angle of almost zero degree with respect to the tyre equator C. • 

For the band cords, organic fibre cords, e.g. nylon, rayon, polyester and the like having a tensile elastic modulus 
o! less than 1000 kg/sq.mm are used. Especially, nylon fibre cords are suitably used for their good durability against 
bending delormation and processabi I ity. 

In the case of a spiral band, the band ply is formed by spirally winding a ribbon of rubber in which two or three 
cords are embedded along the length thereof. 

Fig.2shows an example in which the ply-numbers N1=0. N2=1 and N3=2. accordingly, the band-belt 9 is composed 
of a pail of axially spaced parts, each composed of a radially inner narrow ply 10A and a radially outer wide ply 10B. 
Each of the inner plies 10A is disposed on the radially outside of the breaker-belt 9 to cover each edge thereof. The 
outer ply 1 0B is disposed on the radially outside of the inner ply 10A. 

The axially outer edges of the inner and outer plies 10A and 108 are substantially aligned with the breaker edges 
or the edges of the widest inner breaker-bett ply 7A so that the axial distance measured axially outwardly from the 
axially outer end of the inner breaker-belt ply 7 A is preferably in the range of from 0 to 3 mm. 

The axially inner edge of the inner ply 1 0A reaches near to a straight line n2 normal to the tread 2S which is drawn 
radially inwardly from the second point P2. The axially inner edge of the outer ply 10B reaches near to a straight line 
nl normal to the tread 25 which is drawn radially inwardly from the first point PI . 

It is preferable that the axially inner edges of the band pjies 10A and 10B are positioned on the normal lines n1 
and n2 so that the ply-number is zero throughout the central part Y1 . one throughout the part Y2 and two throughout 
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. . . ■ -EP 0-850788 -Aicr>>:-V>;; \, ' ..^ : 

In practice -however/ it is possible to somew shift,axially }inwardiy ori'outwardly frorh the nornriar lines?- The rdis- u 
location K should be limited to less than 0.2 times, preferably 0.1. linnes, more preferably 0.05 tirhes a distance; which v - 
is the axial distance Ltr L2 or LS of the part Y1; Y2 or X3 in which the ply edge is located^ ' < n \ ^ ; : - > > 

On the other-hand, itis not preferable that the axially inner edges are positioned just under circumferential grooves 
because stress is liable to concentrate on the ply edges and thus cracks are liable to <xcur in the groove bottom.cV- 
ThereforeV'iriiorder;;to:preventfcracksras shown'in/frig 
the end of.theouter ply-IOBi^is. shifted =axially in 

In thisiCase^(the^disIocation^KOtdepends 
distance which^^is the axiardistahcje ;^L^vor'L3(pf ;the pafi Yfn^2^6r ^3]r^^ is. located. ■ v /■ /Ac^ 

Wheh^tile;end; of the inner 

L3. Howeveg; if the end , is shifted into the part Y2. the dislocatipn KQ is less thari 0.4 times L2. ^ : ; >^ ; --'^k^i^:^:^:;^, 

Wheh=.the: end of the outer^ply is 
L1. Hbweven if the end is shifted into the part V2. the dislbcation^KO isdess than'6.4:times L2: :' a ^: ' V J. ;;; 

Comparison-Tests ; ■ r ■ ; : • ■ . : " . - . ; ■ - ; ■ - - ■ : ;Kv- V ;.- V ^ " -'• "■■ ■ ■' "^n-V V- ; -^J^; r:;, - r ' ■ -} y^tv^; -V 



Test tyres having the;structure shown in Figs.1 and 2 werie rp^^ 
. handling, ride ci>mfdrt^arid^tyre'^eiqht;:-^^^^ y ^ ^kA-;; ; ' 

20 ■ -: ' " Tyrasi2e:'.225/502Ri6; -v;-^v--y';^^^y\:;':;v';-:^y^^^ 
. ..Rim-size: 7 172X1:6 V. \\ ' i ' : .'--i ^ . [^y-yr:;',;.^'::-^^^^^^ 

The specif icatiphs of the tyres and test res u Its are sHdwn . in Tab le 1 



ity; high speed ■ 



1 ) High Speed Durability; Test 
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Using a 'tyre test drurtij; the d 

10 rhinutes ifrom 200 tO/240;:k^ every 20: minutes from:240 krn/h, and:the speed'at which the tyre failed 

and the tirrie period at that speed bef6re=failurG was= measured. :V ^ ' v ; ■ ■= . v ^ ■ v : ! /: V -v - >^ ~ ^ 
Tyre^load:?375'kgf' V- /^^---'^^^ -.^ -y-.r^-^ 

" 30 -lnne"rpressure:-^'3:P kg/sqicm^vv v^; V ''•V''^*-*^^'';'^^- '-^ V" _^ 

2)^High Speed/Hahdling.Tisst . V --^^-m^'-'-v;!:' ^ '^^ry-^::.-;,.?^;:;:, ; - .-V ^.v^:; s,--- \ ; ; - :■; 

A SOOOcc FR passenger car provided on all the/wheels with test tyres was a test circuit course and the lap 
35 time was measured. Then high speed running, the controllability, road grip and handling response during critical cor- 
nering, and the straight running stability were evaluated into ten ranks by the test driver's feeling. The higher the rank, 
the better the 'performances V . -'^>^V■^:-^.v^ 
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3) Ride Comfort Test .' -v S""'^'-'"' '-'"'^^^^^ ■:^'r \. Av. r ■^■-•r-, 

The ride comfort of each tyre was evaluated into one of ten ranks by the driver's feeling. The higher the rank; the 
better the' ride corriforli^s.^ J . \ -fr'<':r-''^-^y ; ' s -v" ... . ^^--^-V.""■'v■•:■^^-;v 

From the testfesutts, it was confirmed that the tyre according to the present invention was improved in high speed 
handling performances and durability, covering a wide range of camber angle, due to the ground contacting area shape 
and ground pressure distribution which were improved by specifically combining the triple radius tread profile and band- 
belt structure. • ^- r.;:- / v v - 
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■ ■ Tire 


Ex:1 


Ref.r 


Ref.2 


Tread radius , 


triple 


triple 


double 


R1 (mm) 


1100 


110O 


800 . 


R2 (mm) 


400 


400 


800 * 


R3 (mm) 


200 


200 


300 


L1 (mm) 


30 


30 


70 


L2 (mm) 


40 


40 


70 


L3{mm) 


35 


35 


35 
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Table 1 (cohtin ued). 
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Tire 


Ex.1 


Ref.1 . 


Ref:2 


Band Ply-number 


Fig.2 


Fiq 7(A) 


Fiq7fAV 


N1 


■. ■ ■■■ ■ '"V" 




'1 


N2 


■ ^'i 1 




1 


N3 - . . 






2 


' Ply Width (nnm) 








Full-width ply 




. 105 . 


105 


: Outer ply 


75 






. ' Inner- ply 


35 


35/^^ 


35 


Hiah soeed durabiirtv ^km/h x minutest 








0 deg. carnber 


310X15 


300X15 


290X10 


2deg. camber _ 


.300X10, 


:?280X10 


270)^ r 


4 deg. camber 


300X5 


260X1 b 


250X10 


High speed performance Straight running, stability 








- Cornering Controlability ^.^- '''''''-b'-^^- ; . ' 




■■■''6 - .1 


5 -;-.v^ 


; ..Road girip' ■■'"^-r , V/'''^-^' '-v: 






^:v"^^'5'^ : ' 


Handle response ■ v 




6'/'. 




Lap time . ^ . : - 


r59V 


/ 2*04" . 


2'07" 








■';:':'5';; 


Tire weight (kg) ' • 


l6.2 


10.3 


10.3 



Claims 
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A pneumatic radial tyre comprising a tread portion (2) with a tread (2S), a pair of sidewall portions (3), a pair of; 
bead portions (4), a carcass (6) extending between the bead -portions (4); a breaker-belt (7) disposed radially 
outside the carcass (6) in the tread portion (2) v a band-belt (9) disposed radially outside the breaker-belt (7) and 
having organic fibre cords laid substantially parallel with the' tyre equator, characterised in that in the meridian 
section of the tyre when it is mounted on a standard rim and inflated to 0:5% of standard inner pressure, the tread 
(2S) has a triple radius profile and the band-belt (9) having a variable ply number (N1,N2,N3) accommodated to 
the triple radii of the tread. , . f ''^^ ^'r-: ' /I _ ' 
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3. 



A pneumatic radial tyre according to claim 1 , characterised in that the tread profile is composed of a central part 
(Y1) defined by a first cuive (Al) of radius R1 having the centre in the tyre equatorial plane (CO), a pair of middle 
parts (Y2) each defined by a second curve (A2) of a radius R2 smaller than the radius R1 and merged into the first 
curvei (Al) at a first point (PI), and a pair of shoulder parts (Y3) each defined by a third curve (A3) of a radius R3 
smaller than the radius Fi2 and merged into the second curve (A2) at a second point, and the ply number N2 in 
the middle parts is less than the. ply number N3 in the shoujder parts but more than the ply number N1 in the central 
part. . v. 

A pneumatic radial tyre according to claim 2, characterised in that the ply number N1 is 0, the ply-number N2 is 
1, arid the ply-number N3 is 2. >, 
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A pneumatic radial tyre according to claim 2, characterised in that a half axial width LI of the central part Y1 rs 
0.34 to 0.24 times the tread width TVV. the axial width L2 of each middle part Y2 is less than the width Li and 0.43 
to 0.33 times the tread width TW, the axial width L3 of each shoulder part Y3 is more than the width LI but less 
than the width l_2 and 0.38 to 0.28 times the tread width TW, the radius R1 of the central part is 4.5 to 6.0 times 
the tread width TW, the radius R2 of the middle parts is 0.6 to 0.3 times the radius R1 . 
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